Abstract The third United States National Climate Assessment emphasized an evaluation of not just the impacts of climate change on species and ecosystems, but also the impacts of climate change on the benefits that people derive from nature, known as ecosystem services. The ecosystems, biodiversity, and ecosystem services component of the assessment largely drew upon the findings of a transdisciplinary workshop aimed at developing technical input for the assessment, involving participants from diverse sectors. A small author team distilled and synthesized this and hundreds of other technical input to develop the key findings of the assessment. The process of developing and ranking key findings hinged on identifying impacts that had particular, demonstrable effects on the U.S. public via changes in national ecosystem services. Findings showed that ecosystem services are threatened by the impacts of climate change on water supplies, species distributions and phenology, as well as multiple assaults on ecosystem integrity that, when compounded by climate change, reduce the capacity of ecosystems to buffer against extreme events. As ecosystems change, such benefits as water sustainability and protection from storms that are afforded by intact ecosystems are projected to decline across the continent due to climate change. An ongoing, sustained assessment that focuses on the co-production of actionable climate science will allow scientists from a range of disciplines to ascertain the capability of their forecasting models to project environmental and Climatic Change (2016) 135:97-109 
Introduction
Ecosystems are the basic components of the Earth's surface, containing both living organisms and the non-living matrix of air, soil, fresh water, ocean waters, sediments, and geologic parent material. The tremendous variety of ecosystems supports an astounding diversity of life, including the human species. Impacts of climate change on ecosystems often translate directly or indirectly to impacts on people (Fig. 1) . The third National Climate Assessment (NCA) explicitly recognized that relationship, couching its consideration of ecosystem impacts in the context of how climate change in the United States affects the benefits ecosystems provide to individuals, communities, societies, and social institutions (hereafter, simply, 'people'; Groffman et al. 2014) . Ecologists refer to the benefits that people derive from ecosystems as ecosystem services (Daily 1997; MEA 2005) . Previous U.S. NCAs (National Assessment Synthesis Team 2000; Karl et al. 2009 ) projected that ecosystem services would likely decline because of multiple observed and projected changes in species and ecosystems. However, in this third NCA, key findings were explicitly ranked and evaluated in terms of their impacts on people.
Climate assessments may provide comprehensive evaluations of complex interactions among regions, sectors, and other landscape-scale stressors such as land-use and land-cover changes. Sectors for the United States as defined in the NCA include water resources, energy, transportation, agriculture, forestry, and human health, as well as ecosystems and biodiversity. The third NCA also explicitly considered relationships among species, ecosystems, and ecosystem services; forestry, fish, and wildlife resources; water, energy, and land use; land use and human population dynamics and their interactions with climate change; biogeochemical cycles and climate change; and urban systems, infrastructure, and human vulnerability. Thus, it was a more integrated assessment than the previous two, with many findings shared among different chapters and sectors. It also was the first assessment to deliberately and Direct and indirect impacts on people
Ecosystem impacts
Reduced protecƟon from extreme events Reduced revenue from ecosystem goods and services Direct threats to lives and property (e.g., fire)
Loss of ecosystem services (e.g., water-quality regulaƟon, storm modulaƟon, recreaƟon/aestheƟcs, climate regulaƟon, cultural heritage and sense of place)
Other stressors Climate change Fig. 1 Direct and indirect impacts of climate change and other, confounding stressors on people, mediated through influences on ecosystems systematically examine how people in different settings within the United States (urban, rural, and tribal lands) are experiencing climate change and will continue to do so in the future (Melillo et al. 2014 ).
Objectives
As part of this special issue on the processes and outcomes of the third NCA, this article discusses how the ecosystems, biodiversity, and ecosystem services assessment was developed, how it differed from the previous NCAs, specifically in terms of its treatment of ecosystem services, and how it may serve as a model for future assessments through collaborative and collegial modes of production (Meadow et al. 2015) . As with the ecosystems chapter of the third NCA, the impacts discussed are specific to the United States and are not meant to cover global ecosystems and ecosystem services.
The article summarizes the process, findings, and benefits of creating a chapter of the NCA on ecosystems that emphasizes ecosystem services through a transdisciplinary research approach. Both development of technical input and synthesis of technical input and recent literature to develop the final chapter are described. Two intermediate sections discuss findings in the context of an ecosystem services perspective and provide a case study for how a transdisciplinary approach can be used to address complex and socially relevant scientific problems (i.e., Bwicked problems^) (Meadow et al. 2015) . The article concludes with recommendations from lessons learned on how best to organize and carry out an integrative assessment with findings that are accessible and useable by stakeholders, which in this case were the President, the Congress, and the people of the United States.
Rationale for an ecosystem services perspective
In the five years since the last NCA report was issued (Karl et al. 2009 ), we have seen increasingly frequent reports of weather-related natural disasters (Kunkel et al. 2010 ; e.g., Hurricanes Irene and Sandy in the U.S.) and a dramatic rise in expenditures for emergency management efforts in response to wildfires, hurricanes and other storms, heat waves, and sea surges (e.g., The Royal Society 2014). An understanding that ecosystems can provide protection from some extreme events has spurred interest in such regulating ecosystem services. For example, in response to damage from Bsuperstorm^Sandy in October 2012, modifications of shorelines in the greater New York City region have included expanding and restoring ecosystem features such as salt marsh habitat, as an alternative or accompaniment to 'hard' or engineered infrastructure. Because housing developments in the region that had razed dunes were much harder hit during Hurricane Sandy than those that left dunes intact (Foderaro 2012) , there is renewed interest in dune restoration (Cutter et al. 2014) . A second example of protection from extreme events was the Las Conchas fire in New Mexico in 2011, where complex interactions among forest health, fires, urbanization, erosion in heavy rainstorms, and impacts on lives, structures, and water supplies were regulated by the ecosystem services of soil stability, water-quality, and water provision (Grimm et al. 2013b) . Examples like these show the direct relevance of healthy ecosystems to people and reinforce our assertion that the ecosystems services lens used in the chapter on ecosystems, biodiversity, and ecosystem services (hereafter, the 'ecosystems' chapter) is a valuable and appropriate way to assess climate-change impacts across most regions and some sectors.
Since its introduction in the 1990's (Daily 1997) , the concept of ecosystem goods and services has taken hold in both the ecological research community and the resource management community. Using this concept in the third NCA prioritized ecosystem changes that had demonstrable impacts on people. But consideration of the goods and services provided by ecosystems is not unique to this third NCA: previous United States assessments have observed that the impacts of climate change on ecosystems are likely to extend to society because people depend on ecosystems to provide those benefits. Both the first and second NCA reports point out the difficulty of quantifying such benefits, and both aver that, while some services will be enhanced by climate change, most will decline (NAST 2000, p 24; Karl et al. 2009, p 87) . Indeed, the foundational Strategic Assessment Report for ecosystems points out, BIt is possible to make some generalizations from the literature on the physical changes in ecosystems, but interpreting what these changes mean for services provided by ecosystems is very challenging…^ (Backlund et al. 2008) . Although linking ecosystem change to specific ecosystem services remains difficult, the third NCA took the approach of ranking and evaluating impacts (key findings) based on specific human outcomes. Threats to water availability and quality from ecosystem change and harmful algal blooms, people and property affected by sea level rise, and loss of life and property associated with fires are cited (Groffman et al. 2014) . For example, the number of U.S. counties at risk of water shortage was projected to increase to 32 % in 2050 from 10 % today.
Several recent international and national assessments also have demonstrated the relationships among biodiversity, ecosystems, and ecosystem services. These efforts were intended to increase awareness by policy makers and the general public of the value that ecological systems provide both directly (e.g., food, timber) and indirectly (e.g., supportive services such as nutrient and water cycling) to society, as well as the risks that their degradation will cause if left unchecked. One effort, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), which stemmed from the recommendations of the Millennium Ecosystem Assessment (MEA 2005) and the International Mechanism of Scientific Expertise on Biodiversity (2007), was convened to serve as platform similar to the Intergovernmental Panel on Climate Change (IPCC), but with a focus on synthesizing, assessing, and critically evaluating the global condition of biodiversity, ecosystems, and ecosystem services (Perrings et al. 2011) . Independent scientific assessments conducted through IPBES are expected to increase the capacity of the Convention on Biological Diversity and participating nations of IPBES to make informed decisions about the management and conservation of their natural resources. Another example is the UK National Ecosystem Assessment (UK NEA 2011, Mace et al. 2012) , which used an ecosystem services framework to increase understanding and awareness of the economic and societal values of natural resources, and promote the development of tools and products to inform decision-making and adaptive management of ecological systems. The NCA ecosystems chapter was inspired by these prior efforts and drew from their experience in developing its focus.
The process: assessment of present and future ecosystem impacts
As with the other chapters of the NCA, the ecosystems chapter was developed by distilling and synthesizing extensive technical input from the broader scientific community. What set the ecosystems chapter apart from other working groups was the transdisciplinary expert team, interactive process, and resources devoted to generate findings. Here we highlight the participation, process, and lessons learned from two phases of the chapter's development as a model for future assessments seeking to address complex and multi-dimensional areas of scientific knowledge. Production of both a large technical input report and the report chapter itself raised questions about how best to meet the challenges posed by each step; these questions are answered, in part, with the final section on recommendations. An assessment represents a synthesis intended to provide potential answers to policy-relevant questions (Grimm et al. 2013b ); we couch these questions in terms of how the assessment can be continually updated, made accessible and actionable to diverse stakeholders.
Development of a technical input report
In July 2011, the NCA Development and Advisory Committee (NCADAC), via the U.S. Global Change Research Program (USGCRP), issued a BRequest for Information^in the Federal Register (Fig. 2) , resulting in hundreds of technical input items received across all sectors, with 128 directed to the ecosystems chapter. The most important contribution was the Biodiversity, Ecosystems, and Ecosystem Services report (Staudinger et al. 2012) , which is discussed further in this paper.
The USGCRP encouraged agency participation in developing technical input through personal contacts and the Interagency NCA working group. Scientists at the US Geological Survey's (USGS) National Climate Change and Wildlife Science Center (NCCWSC) had emphasized ecosystem services in several recent initiatives and were actively engaged with the IPBES; in collaboration with NCADAC and NCA staff, NCCWSC supported the production of a technical input report and workshop for biodiversity, ecosystems, and ecosystem services, including supporting a postdoctoral fellow dedicated to the effort.
The development of the 2012 Technical Input to the NCA on Impacts of Climate Change on Biodiversity, Ecosystems, and Ecosystem Services (Staudinger et al. 2012 the TI BEES) thus began through these collaborative and collegial interactions. A steering committee was formed for the TI BEES, with members from academia, nongovernmental organizations, U.S. government agencies (including a NCA staff member), and the NCADAC. The steering committee outlined preliminary objectives, topics, and integrative case studies to be included in the TI BEES, reviewed previous assessments upon which the TI BEES could build, and secured funding to support an in-person steering committee meeting and the proposed workshop. Perhaps most importantly, they compiled and invited a list of experts and stakeholders, drawn from a broad range of federal and state agencies, academic institutions, and non-governmental organizations, to develop the TI BEES. Selection of the TI BEES team was a critical step toward finding a balance of interdisciplinary expert knowledge that spanned from academia to conservation to management and policy, and had wide geographic representation from the U.S. The targeted experts would have to commit to meeting an aggressive timeline to produce a product whose guidelines were simultaneously being developed and refined. An informational webinar was held in October 2011 for potential participants, which provided an overview of past assessments, the NCA process, expectations for their participation, and the path forward for the TI BEES. Approximately sixty experts committed to the production of the TI BEES and participated in one of four working groups that considered climate-change impacts on 1) biodiversity, 2) ecosystems, 3) ecosystem services as well as 4) other (non-climate) stressors. Working groups were assembled based on a pre-webinar survey asking for expertise and interest in relevant topics. Each workgroup met separately by phone to outline content for their sections and assign writing tasks prior to meeting in person at the workshop in January 2012. An example of an approach used by some working groups to synthesize the best available science and support the development of the TI BEES was to identify (primarily from literature published since the previous NCA in 2009) the top 10 most influential and groundbreaking papers on each subject (e.g., climate impacts on biodiversity); then, through an iterative process, they extracted the key scientific advances within each topic area over recent years and identified major gaps in knowledge, as well as surprises in how species and systems were responding to mounting climate impacts.
The workshop, hosted by the Gordon and Betty Moore Foundation in Palo Alto, CA, was funded by that organization and the NCCWSC. The Moore Foundation was interested in contributing to work that would have high impact in terms of responses to climate change impacts, but they imposed no expectations on the workshop. The NCCWSC similarly were neutral funders, who were involved at the report stage in reviewing the report prior to its publication. The workshop was structured in plenary and breakout sessions, including writing sessions. The large group also developed a list of case studies that would exemplify interactions among the topics of the four working groups, and additional breakout groups further developed four of those crosscutting case studies, which included: 1) whitebark pine and mountain pine beetles; 2) New England groundfish fisheries; 3) watershed nitrogen regulation for rivers and the coastal zone; and 4) fire risk, water supply, recreation, and flood risk in western US forests. Over the course of the 3-day workshop, two additional working groups formed and began synthesizing information and writing sections on 1) adaptation to impacts of climate change on ecosystems and 2) proposed actions for the sustained assessment of ecosystems. These working groups formed because participants voiced concern that simple documentation of impacts was insufficient for a complete climate change assessment; furthermore, the inclusion of adaptation and sustained assessment topics areas were identified as critical to advancing the delivery of science to diverse stakeholders and informing strategies and actions to respond to climate impacts on ecological systems.
The development of the TI BEES was a rapid process, conducted over approximately a 6-month period (Fig. 2) . Overall, the process represents a successful model for synthesizing a vast array of scientific information in short order, yet questions remain from the experience. How could the information collection process be expanded and streamlined to ensure comparable quality while reducing individual effort in future assessments? Was the participation of a large and diverse group of experts valuable, and what mechanisms could attract them and reward their continued participation? Finally, what were the financial costs with the technical input process and were they appropriate?
Key to increasing the efficiency of information gathering in future assessments would be the establishment of an information database equipped with mechanisms to extract and continually update information from contributors. Such information would include summaries of scientific discovery, case studies of ecosystem responses to climate change impacts, examples of management and conservation tools that have been developed and implemented, and lessons learned from the successes and failures of those efforts. Contributors to the assessment process would be encouraged to update scientific and management information as it is produced.
Keeping a large and diverse group of experts engaged ensures that procured information is relevant to a wide range of audiences and includes as much of the available evidence as possible. Greater transparency about the NCA process is needed, however. We noted that there was much confusion among the participants (both for this and other technical input reports) about exactly what they were contributing to and how it might be used to produce the actual NCA report. The informational webinar attempted to speak to the organization and goals of the effort, but many aspects of the process and overall direction of the NCA and the technical input were being developed in parallel, making it challenging to communicate precisely what participants were committing to. Communication with experts about exactly how their contributions will be used and what kind of information is most useful will be essential to maintaining engagement in the context of a sustained assessment. If the objective is to encourage broad input from a diversity of sectors, posting notices in the Federal Register, although necessary, may not be sufficient. Instead, wide-reaching communication vehicles like NCANet (http:// ncanet.usgcrp.gov/) may allow access to a broader group of potential contributors.
Finally, producing the technical input report did incur a substantial cost: travel for the steering committee and sixty workshop participants; food, housing, and meeting facilities at the workshop; and the post-doc salary. We aver that the in-person meetings were invaluable to ensuring that the TI BEES included diverse perspectives. The workshop was deliberately structured to be interactive to maximize idea exchange over the course of the meeting. Through this model, the workshop promoted engagement, communication, and relationship building among participants. The steering committee was able to rapidly coordinate and refine content and objectives-examples including the development of case studies and the addition of two working groups-to meet the broader goals of the overall report. Such responsiveness to evolving content could not have been accomplished through a virtual meeting format.
A post-doctoral fellow dedicated to workshop planning and report preparation was the sole member of the steering committee and working group teams whose responsibilities and time were completely devoted to the effort. For a group and topic area this broad in scope, it was essential to have such a point person to effectively organize and coordinate the content, teams, and meetings, especially given the aggressive timelines of the third NCA.
In addition to the full report, which is available to the public on the Globalchange.gov website, the technical input workgroup also produced an open-access special issue in the highly ranked Ecological Society of America journal, Frontiers in Ecology and the Environment (Grimm et al., 2013a , b, Grimm and Jacobs 2013 , Staudinger et al. 2013 . Through these products, coupled with ecosystems chapter of the NCA report itself, the current understanding of the impacts of climate change on biodiversity, ecosystems, and ecosystem services in the United States was communicated and made freely available to multiple audiences (e.g., the public, Congress, scientists), amplifying the potential impact of the entire effort.
Development of the report chapter
As with all NCA chapters, authors who were considered well-regarded scientists in the subject area were selected and invited to develop the ecosystems chapter by the NCA Development and Advisory Committee (DAC). The two convening lead authors, an academic scientist and a scientist from a leading conservation NGO, were joined by four university faculty members and a research institute scientist specializing in different areas of ecology and conservation biology, one US government employee, and one academic working with the Natural Capital Project, which functioned as a boundary organization. The author team began work in March 2012, completed a first draft by June 2012, and made revisions in response to the rigorous review prepared by the NCA staff in consultation with convening lead authors. The final chapter (Groffman et al. 2014 ) was completed in February 2014, following a formal public and government review (Fig. 2) .
A major challenge to the development of the chapter was meeting the NCADAC-imposed length restriction of eight pages of text. To put this in perspective, the author team needed to consider and digest over 1000 pages from 128 technical inputs, including the 296-page TI BEES report, to decide upon the key findings of the chapter. Originally, the author team envisioned the chapter organized around several 'spheres' reflecting different ecological impacts: the dry, the wet, the cold, and Bwho's there?^Next, the team decided that Bwho's there?^-a consideration about how individual species within ecosystems have been and will be affected by climate change-should be integrated into the other spheres. Later, this differentiation was abandoned in favor of highlighting the ecosystem changes that are likely to be of greatest impact in terms of ecosystem services. The winnowing of ideas was strongly driven by the NCA guidelines requiring a short chapter, with a small number of key findings. The development and imposition of these guidelines aided in producing a concise and accessible amount of information that highlighted genuinely high-impact key findings.
Many of the main findings about ecosystems and species translated directly into key findings for ecosystem services. As such, framing the findings through the lens of Bwhat matters most to people^integrated broad topic areas and packaged them in a way that was meaningful to the policy and public audiences of the assessment, as well as making them actionable to the natural resource management community (Mace et al. 2012) . The author team also considered the potential synergy of the ecosystem chapter's key findings in relationship to other sectors within the assessment (e.g., water, agriculture, coastal, and forestry chapters) that would potentially address topics relevant to ecosystems, species, and ecosystem services.
The diversity of perspectives and disciplines captured within the ecosystems team as well as the process used to develop the chapter, were transdisciplinary in nature, thus leading to key findings that effectively communicated an enormous amount of material in a way that was accessible and practical to a wide range of audiences and stakeholders (Meadow et al. 2015) . Many conversations within the team focused on following a thread from a noted change in a species and/or process, through to impacts on an ecosystem, and finally to the relevance of those impacts for people, with different authors weighing in at each phase. For example, academic knowledge of species changes and how they might affect ecosystems would be coupled with experience from Nature Conservancy and Natural Capital projects translating changes in ecosystem services to monetary or non-monetary impacts on people. This type of iterative discussion generated a shared understanding of which findings reflected strong connections across components of systems. The mix of expertise also helped translate complex and large amounts of information into findings summarized in concise, clear points that were understandable to both experts and non-experts. For example, a non-expert can sometimes be the best filter, identifying the most critical findings from the complexity and detail held so dear by experts. The findings and text also evolved as a result of the diverse professions represented, ending in a document that expressed scientific rigor, detail, and certainty, while also addressing the practical needs for clarity and relevance to policy and action. Relevance was judged based on the authors' knowledge of policy concerns but might have profited from greater involvement at this stage by practitioners.
Several rounds of agency, community, National Research Council, and NCA internal reviews yielded 246 comments that required response. Review comments were generally supportive of the ecosystem services framing, and focused largely on language and separating climate impacts from other stressors. The convening lead authors worked with NCA staff to resolve comments on the chapter, which was a time-consuming process with constantly shifting guidelines and requirements. The multi-phased review and revision process was arduous but necessary and important, as it provided stakeholders with another opportunity within the assessment process to contribute and shape the overall messages. For example, the review identified some inaccuracies and missing pieces in the chapter, such as the unintentional omission of information on species extinctions linked to climate change within the biodiversity component of the chapter. Ultimately, the review and revision process led to a final product that reflects the needs of the targeted audience and stakeholders.
How could the entire process-from technical input to chapter development-be improved for future assessments? Based on our experience, having technical input and chapter teams share some members increased efficiency, especially given the short time available to the author team for chapter development. Numerous benefits in terms of relating ecosystem impacts to people accrued from the diverse experiences of the author team and the practice of inviting multisectoral authors; this helped amplify the relevance, breadth, and accessibility of assessment findings. Alternatively, clear and firm guidelines and a timeline for the multiple phases of assessment, review, and revision would be helpful, so that authors and support staff are not continually asked to alter their approach or make revisions on short notice. Developing the NCA as on ongoing, iterative process would almost certainly help to bring about these changes.
Findings in the context of the ecosystem services perspective
Biodiversity and ecosystems are shifting in time and space as they respond to complex climate (e.g., temperature, water), biological (e.g., trophic interactions), and anthropogenic (e.g., landuse change) drivers worldwide (IPCC 2014) and in the US specifically (Grimm et al. 2013b; Groffman et al. 2014; Staudinger et al. 2013) . Characterizing individual and localized responses is critically important because it identifies particular vulnerabilities of species and ecosystems, as well as adaptive capacity to cope with ongoing climate changes. Which species are adapting and which are declining will have direct impacts on people through changes in available resources. Already, fishermen adjust where and when they cast their nets and which species they target (Pinsky and Fogarty 2012) . Insect pests are taking advantage of warmer winter conditions in many parts of the U.S. and are thereby changing forest landscapes, including tree species that provide timber, income, and a way of life for communities and tribal nations (Bennett et al. 2014 , Joyce et al. 2014 . Forest thinning, a common management practice, raises the risk for drought impacts, which affects ecosystem services of forests (D'Amato et al. 2013) . The connections between impacts of climate change on ecological systems and consequences for the goods and services that people depend on must be elucidated and communicated. Contributors to the ecosystems chapter strived to frame the impacts of climate change on biodiversity and ecosystems in the context of opportunities and losses that would resonate with the U.S. public and decision makers. Although ecosystembased approaches to conservation and management of natural resources are not new concepts, this is the first time that an ecosystem services approach has been a primary emphasis in the NCA. As discussed earlier, the ecosystem services context also is prevalent among international assessments seeking to strengthen the influence of their key messages across a range of scientific, management, and public audiences.
As conservation and management practioners approach the task of anticipating and responding to the impacts of climate change on natural resources through adaptation approaches, they increasingly will need to contemplate landscape scales that consider not only where species and biomes have been historically but where they have the greatest likelihood of being in the future ). This includes, for example, working with communities to restore coastal habitats, such as salt marshes and dunes, that provide protection against extreme weather events, while also enabling species movements inland through corridors, as sea-level rise and coastal storms erode or inundate coastlines. Those developing strategies for adaptation to climate change will need to engage stakeholders early and often, throughout both inception and implementation stages, to ensure that community needs and values are incorporated into the overall strategy and balanced with sustaining ecological targets.
Opportunities for ecologists afforded by the assessment
Perhaps the most compelling scientific aspect of the NCA process was the opportunity to evaluate the accumulated evidence, or lack thereof, in support of past key NCA projections regarding climate impacts on ecosystems, biodiversity, and ecosystem services. Many of the key messages of the first two NCAs are now being realized; however, in certain cases our understanding is becoming more refined while in others there are surprises. Where have we been right, where have we been wrong, and what can we learn from where we have been wrong? For example, ecologists have long projected that forests would grow better in a warmer, wetter world with higher levels of atmospheric CO 2 . Indeed, trees are growing better all across the continent (Williams et al. 2012 )-except where they are not. Non-conforming regions include vast areas of dead and declining conifer forests in the West (van Mantgem et al. 2009 ) and vanishing hemlock stands in the East (Paradis et al. 2008) . The loss of extreme low winter temperatures and extended growing seasons have facilitated the spread and/or persistence of insect pests that can significantly damage forests (Grimm et al. 2013a ); a native pest outbreak (pine bark beetle; e.g., Bentz et al. 2010 ) is the culprit, while in the East, loss of low temperature has facilitated the spread of an invasive pest, the Hemlock wooly adelgid (Paradis et al. 2008 ). These examples demonstrate regional or local exceptions to broader trends.
Taking a continental-scale view, such as is required for an assessment of impacts across the United States, allows ecologists to examine where we were wrong in our earliest projections, to determine if aspects of climate change underlie these unexpected results, and to identify poorly understood mechanisms that need further investigation. The dying forests example illustrates the complexity of climate-change effects on ecosystems, triggers and thresholds that may result in opposite outcomes in different locations, as well as the need to integrate expertise from multiple disciplines (e.g., climatology, forestry, and entomology in this case). Thus, an ongoing, iterative process of prediction, evaluation, and revision of ideas will greatly improve climate-change science. Furthermore, assessment that incorporates unique regional responses will enhance the ability of managers to anticipate and respond to climate-change effects in ways that are appropriate to place.
Recommendations
The experiences of the authors of this paper as members of technical input and author teams for the ecosystems chapter lead us to conclude this paper with a set of recommendations, offered in the hope that they will have relevance and value to future NCAs.
& Future NCAs should retain and further develop the focus on ecosystem services, as the impacts of climate change on people are often the most relevant and of the greatest concern to target audiences. Many impacts on ecosystems may be translated to impacts on ecosystem services, and thereby, on people. & Technical input from the scientific community in diverse sectors is essential but must be streamlined by providing infrastructure and mechanisms to enable a continuous flow of information from contributors, between and throughout assessments. Resources must be devoted to the accumulation and evaluation of scientific information as it is produced, such as staff dedicated to communicating and seeking out new information and to keeping databases up to date in anticipation of each next assessment. The outstanding NCA website should be expanded to allow this flow of information. & Technical input from diverse stakeholders, including managers, legislators, and practitioners, is essential at all stages of the process to ensure that the science synthesis and findings are salient and useable for management, policy, and action. As described here, interfacing with all of these groups is time consuming; therefore, to do so comprehensively may require extending outreach and feedback timelines within the different phases of the NCA (e.g., review and revision stages). & Incentives for contributors, in terms of both resources to enable their participation and clear expectations for the fate of their contributions, would improve the acquisition of technical input. Limited funding across all federal agencies will be an obvious barrier to overcome in making incentives a reality; furthermore, a compressed timeline for producing the NCA may preclude substantial involvement of many potential contributors. More clear and firm timelines for the review and revision process would make it easier to recruit and retain authors for future assessments. Developing the NCA as on ongoing, iterative process would almost certainly help to bring about these changes. & In person, face-to-face meetings remain an essential way to stimulate the exchange of ideas and good syntheses of available knowledge for application to assessments and are well worth the financial investment, especially for broad topic areas.
& A survey of TI BEES and chapter authors could be initiated to estimate the total number of hours spent on development of final products, ascertain preferences for engagement methodology (e.g., virtual vs. in person meetings), and solicit opinions on how the process could be improved. & The transdisciplinary approach involving multiple, crosscutting sectors and topics is a strength of this NCA and should be a model for future assessments; however, a means for promoting better communication and integration among related topics is needed. Dedication of a point person with responsibility to interface with other sectoral teams is one possibility. & There is a strong need for the NCA to be an ongoing iterative process of making projections, evaluating the literature across disciplines and regions, and revising ideas, as this will greatly improve climate-change science and the ability of the U.S. to anticipate and respond to climate-change impacts.
